The survival of patients with human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS) who have access to highly active antiretroviral therapy (ART) has dramatically increased in recent times. This review focuses on HIVassociated heart failure in sub-Saharan Africa (SSA). In HIV infected persons, heart failure may be related to pathology of the pericardium, the myocardium, the valves, the conduction system, or the coronary and pulmonary vasculature. HIVassociated heart failure can be because of direct consequences of HIV infection, autoimmune reactions, pro-inflammatory cytokines, opportunistic infections (OIs) or neoplasms, use of ART or therapy for OIs and presence of traditional cardiovascular risk factors. Myocardial involvement includes diastolic dysfunction, asymptomatic left ventricular dysfunction, cardiomyopathy, myocarditis, fibrosis, and steatosis. Pericardial diseases include pericarditis, pericardial effusions (rarely causing tamponade), pericardial constriction, and effusive-constrictive syndromes. Coronary artery disease is commonly reported in industrial nations, although its prevalence is thought to be low in HIV-infected persons from SSA.
Introduction
By the end of 2013, 35 million people globally were living with the human immunodeficiency virus (HIV), and new HIV infections in the same year were estimated at 2.1 million, which was 38% lower than in 2001. 1 The number of acquired immunodeficiency syndrome (AIDS) related deaths also continues to decline, with 1.5 million people dying of AIDSrelated causes in 2013, down 35% from the peak in 2005. 1 The survival of people living with HIV/AIDS has dramatically increased since the widespread use of antiretroviral therapy (ART). 2, 3 The Joint United Nations Programme on HIV/AIDS (UNAIDS) estimates that 13.6 million people were receiving ART as of June 2014, and that the world is projected to deliver ART to at least 15 million people by 2015. 1 HIVassociated cardiovascular disease (CVD) involves every segment of the cardiovascular tree and commonly affects all layers of the heart, including the myocardium, valves, pericardium and coronary, pulmonary, cerebrovascular, and peripheral vasculature. 4 The incidence of HIV/AIDS related heart failure is on the increase, and current evidence suggests that diastolic, rather than systolic, dysfunction is the predominant form of heart failure in the era of ART. [5] [6] [7] [8] [9] [10] [11] The pathophysiology of heart failure in HIV infected persons is multi-factorial and is intimately related to the presence of traditional risk factors for coronary artery disease, myocardial inflammation, myocardial fibrosis, coronary artery disease, pericardial disease, impaired vascular compliance, myocardial steatosis, pulmonary vascular, and renal disease. 4, 10, 12, 13 There is a paucity of data on optimal management of HIV-associated heart failure, and data are extrapolated from studies conducted on HIV uninfected persons, particularly from sub-Saharan Africa (SSA). This review will focus on HIV-associated heart failure in SSA.
ART has significantly altered the natural history of HIV infection, lengthened survival, and improved the quality of life of HIV-infected patients. 2, 3 ART use has also been associated with lipid and metabolic abnormalities associated with an increased risk of both peripheral and coronary arterial diseases, [14] [15] [16] which may contribute to the development of heart failure. Consequently, we thought it was timely to place into perspective the evolving concepts and comprehension of HIV-associated heart failure through systematic review and critical appraisal of the literature. For the purposes of this review, HIV refers to the HIV-1 infection.
Historical perspectives
The association between CVD and HIV infection was recognised early in the history of the AIDS pandemic, 17 with the report of the first case of symptomatic dilated cardiomyopathy (DCM) in 1986. Throughout the 1980s and 1990s, the presence of heart failure in HIV infection was mainly in the context of myocarditis and severe systolic dysfunction, which were thought to be related to direct effects of HIV as well as opportunistic infections, autoimmunity, nutritional deficiencies, and prolonged and profound immunosuppression. 13, 18, 19 In the pre-ART era, the prevalence of HIV-associated cardiomyopathy was 30-40% in hospitalised patients in developed countries, with an annual incidence of 15.9 per 1000 patients. 20 However, in SSA, data from historic cross-sectional echocardiographic studies of hospitalised patients revealed a prevalence of HIV-associated cardiomyopathy ranging from 9 to 57%, 21, 22 and an in-hospital incidence of 17% over 18 months. 23 These large variations in epidemiology of HIVassociated cardiomyopathy in Africans largely reflected differing study populations, study designs, and case definitions. 24 Further, the prevalence of left ventricular (LV) dysfunction in acutely ill, hospitalised patients, independent of HIV infection, may also have artificially inflated the prevalence rates in these older studies. 25 Before the availability of ART, the median survival to AIDSrelated death was 101 days in patients with overt LV dysfunction, and 472 days in patients with a normal heart on echocardiography, at a similar stage of immunosuppression. 13 Importantly, the unadjusted hazard ratio for death in HIV-associated DCM compared with idiopathic DCM was 4.0; the ratio adjusted after multivariate analysis was 5.86. 26 However, since the introduction of ART, the phenotype of HIV-associated heart failure has changed from severe, dilated cardiomyopathy to subclinical LV dysfunction, with mildly reduced LV systolic and frequent findings of impaired diastolic function. 27 In a study performed in 1999 in the Netherlands involving 105 ambulatory HIV patients receiving ART, the prevalence of myocardial systolic dysfunction was low (3%) and none of the patients developed end-stage DCM. 28 The authors suggest a myocardial protective effect of ART to explain this low prevalence of cardiac dysfunction compared with the findings of previous studies. 28 A retrospective study conducted in Italy among HIV-positive patients on ART showed a lower incidence of cardiac involvement in patients treated with combination ART from 1996 to 1998 compared with those treated with nucleoside reverse transcriptase inhibitors (NRTIs) in earlier years. 29 Several historic studies have reported the incidence of HIV-associated heart failure to be much higher in SSA compared with western countries. 30, 31 Further, when treated HIV-infected persons from SSA were compared with those treated in the USA, there were significantly more cardiovascular events observed in Africans, highlighting the potential contribution of systematic challenges in HIV management in the region. 32 
Current epidemiology
The prevalence of CVD in HIV infection remains unclear and depends on the population studied, the definition of the specific CVD and the background prevalence of CVD in the population. There is a dearth of population-based studies, and most studies have been based on hospital and clinic patients. Despite this, several recent publications have expanded our understanding of the epidemiology of HIV-associated CVD and heart failure and have highlighted a number of important themes, which we will focus on in this review.
The first relates to unexpectedly low rates of CVD events and mortality in patients receiving ART. In light of the prior evidence that HIV increased the risk of CVD and knowledge that ART was allowing HIV infected persons to survive longer, the assumption has been that there would be a growing and proportionate increase in HIV associated CVD. The second relates to the observation that although HIV does increase the risk of atherosclerotic cardiovascular complications, a significant proportion of the risk is attributable to conventional or traditional modifiable risk factors. The third is that the increasingly earlier introduction and increased uptake of ART appear to have significantly reduced the risks of HIV associated cardiomyopathy, pericardial disease, and possibly HIV associated pulmonary hypertension. Along with this is the observation that the phenotype of heart muscle disease has shifted from systolic dysfunction associated with opportunistic infections to diastolic dysfunction associated with inflammation and fibrosis. Finally in sub-Saharan Africa where the burden of HIV infection is highest (70% of the worlds burden reside in 8 SSA countries) the anticipated pandemic of HIV-associated CVD has not materialised. However, this may Human immunodeficiency virus-associated heart failure 159 be related to insufficient research and technology focusing on these specific questions, particularly in SSA.
With the life expectancy for HIV infected persons on ART approaching that of the general population, it was assumed that cardiovascular causes of morbidity would be important. A recent publication investigating trends over time in allcause mortality and for specific causes of death in people with HIV from 1999 to 2011 (from the D:A:D study) found that the crude incidence mortality rate was 12.7 per 1000 person-years, with leading causes of death being AIDSrelated (29%), non-AIDS-defining cancers (15%), liver disease (13%), and CVD (11%). 33 Of note, the rates of mortality because of CVD had decreased over time (from 1.8 to 0.9 per 1000 person-years), which was attributed to improved use of non-HIV-specific preventive interventions (though this was no specifically measured in the study). This study concludes that non-AIDS cancer is now the leading non-AIDS cause of death in HIV. 33 Similar to the D:A:D study, the HIV Outpatient Study (HOPS), conducted between 1996 and 2008, showed that death rates gradually declined from 7 per 100 person-years in 1996, to 2 deaths per 100 personyears after 1999. 34 This is in sharp contrast to the reports by Zhang and colleagues on the risk of non-AIDS defining events among HIV-infected persons not yet on ART: noting that CVD and other non-AIDS complications remained high and were associated with the severity of immunodeficiency as determined by a CD4 count <200 cells/μL. 35 The importance of traditional risk factors and their background prevalence in various populations was illustrated in the Veterans Aging Cohort Study of 81 000 people, a third of whom were HIV-infected. While HIV infection was associated with an increased risk of developing atherosclerotic related complications such as myocardial infarction, conventional risk factors accounted for a significant proportion of the risk. 36 Two recently published meta-analyses, including observational and randomised controlled trial data have reported that HIV-associated coronary artery and cerebrovascular disease is common. 37, 38 Moreover, compared with HIV uninfected populations, the relative risk (RR) of events was higher both for untreated and ART-treated HIV infected persons (RR = 1.61 (1.43 to 1.81) and RR = 2.00 (1.70 to 2.37), respectively). The HR was higher for protease inhibitor (PI)-based therapies vs. non-PI treatments. Another meta-analysis of 11 studies conducted during the ART era assessed 2242 well-controlled, asymptomatic HIV infected persons who had a prevalence of systolic dysfunction of 8.3% and diastolic dysfunction of 43.4%. 5 Risk factors for systolic dysfunction included high-sensitivity C-reactive protein >5 mg/L, tobacco use, and prior myocardial infarction; and for diastolic dysfunction, risk factors were hypertension and older age. 5 Finally in SSA, the region with the highest burden of HIV, the feared impeding pandemic of CVD related to CAD following the introduction of ART has not been manifest. The Heart of Soweto Study, which was designed to investigate the impact of the HIV/AIDS on de novo manifestations of heart disease, 518 of 5328 cases (9.7%) of newly diagnosed heart disease were HIV infected. 38 Of those, almost 29% had LV systolic dysfunction and 38% had HIV-associated cardiomyopathy (including both systolic and diastolic dysfunction); the incidence of coronary artery disease (CAD), was found in just 2.7% of patients. 39 Similarly, the sub-Saharan Africa Survey of Heart Failure (THESUS-HF) study, a prospective, multicenter observational survey of 1006 patients from 9 countries with acute heart failure found that HIV was detected in 13% of subjects and that CAD was only present in 7.7% of patients. 40 A recent review supports these observations, summarising that both systolic and diastolic dysfunction are more common among HIV-infected (vs. uninfected) persons in low-to middle-income countries. 41 While ART has significantly improved outcomes in patients with HIV-associated CVD, ART may also be associated with deleterious effects. ART has been associated with worsening LV systolic function. 42 Zidovudine has been linked with both systolic and diastolic dysfunction. 18, 43, 44 While ART use in HIV-infected patients with heart failure was associated with improvement in LV systolic function compared with nontreated controls, four patients have worsening cardiac function that improved upon discontinuation of zidovudine, stavudine, and didanosine. 45 ART may be associated with increased risk of lipodystrophy and metabolic complications that increase the risk of CAD, as discussed below ( Table 1) .
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Pathophysiology
The pathophysiology of cardiovascular involvement in HIV infection is listed in Table 2 . The evidence for these putative mechanisms is discussed below as it applies to specific pathologies/conditions. Briefly, the pathophysiology of HIV-associated heart failure is multifactorial, with varying amounts of evidence for various presumptive mechanisms. Postulated mechanisms include consequences of direct HIV infection and toxicity of HIV components, opportunistic infections, and autoimmunity. [49] [50] [51] [52] [53] [54] [55] Increased myocardial inflammation, endothelial dysfunction, capillary leak syndrome, and abnormal coagulation have also been implicated in the pathophysiology. [56] [57] [58] [59] HIV-associated wasting disease, malignancies, and nutritional deficiencies have also been associated with cardiovascular abnormalities in HIV infected persons. 44, [60] [61] [62] There is increasing evidence of the importance of myocardial fibrosis and steatosis in driving cardiovascular dysfunction in HIV. 10, 12 In the D:A:D study of 4000 HIV infected persons and over 1 million HIV uninfected controls, hypertension, diabetes, dyslipidaemia, and smoking were all found more commonly in the HIV infected cohort. 63 
Diastolic dysfunction
In recent times, a high prevalence of diastolic abnormalities in HIV infected persons has been reported, mostly with echocardiography. Diastolic dysfunction has been reported commonly in HIV-infected patients from echocardiographic studies, and to be more severe in those with clinical AIDS. 7, 9, 22, 64, 65 Increasingly, strain imaging has been used to document global and segmental systolic and diastolic dysfunction in HIV-infected patients with preserved LV systolic function and in absence of cardiovascular symptoms. 66, 67 In a study of 50 asymptomatic HIV-infected patients (one patient with grade 1 diastolic dysfunction), longitudinal strain, early, and late diastolic strain rates were impaired in HIV-infected persons. 66 In a cross-sectional study of 698 HIV-infected persons, 48% had diastolic dysfunction, which was associated with older age, higher body mass index, higher total cholesterol, arterial hypertension, and diabetes mellitus. 68 Recently, cardiovascular magnetic resonance (CMR) has been used to demonstrate high rates of systolic and diastolic dysfunction in cohorts of asymptomatic HIVinfected persons with preserved ejection fraction. 10, 12 Cardiomyopathy and systolic dysfunction HIV has long been recognised as a significant cause of acquired cardiomyopathy. 17 The current prevalence of HIVassociated cardiomyopathy is substantially lower in industrial countries compared with the pre-ART era, mainly because of the ease of access to ART and reduction in opportunistic infections. 4, 27 In the era of ART, the epidemiology of HIVassociated cardiomyopathy has changed substantially; however, very few studies have measured the incidence at a population level in recent times. In The Heart of Soweto Study, cardiomyopathy was reported in 38% of HIV infected patients studied, comprising systolic and diastolic dysfunction in both symptomatic and asymptomatic patients. 39 Pathologic features of HIV-associated cardiomyopathy are similar to those observed in HIV uninfected patients with DCM. 69 The macroscopic pathological features include dilated cardiac chambers with endocardial fibrosis and mural thrombus. Histologically, there is evidence of myocyte hypertrophy and degeneration, with increased interstitial and endocardial fibrillar collagen and evidence of prior myocarditis. 69 Echocardiography is the first line imaging modality for diagnosis HIV-associated cardiomyopathy; and is useful for assessment of LV systolic function and for looking for wall motion abnormalities, as well as assessment of diastolic function and differential diagnosis. CMR, where available, should always be considered, and provides an accurate assessment of ventricular morphology and function, myocardial fibrosis, myocardial oedema, late gadolinium enhancement, and prognosis, as well as comprehensive assessment of differential diagnosis. Further, in a study of 60 patients with HIV-associated cardiomyopathy, inotropic contractile reserve during dobutamine stress echocardiography was shown to risk-stratify patients and to predict subsequent improvement in LVEF. 70 Endomyocardial biopsy (EMB), while not routinely performed, remains the gold standard tool for diagnosis of the aetiologic agent of the HIV-associated cardiomyopathy.
Myocarditis
Myocardial inflammation and myocarditis are likely the most studied causes of HIV-associated heart failure. A myocarditis directly because of HIV has been described, but the virus 26 and cytomegalovirus 71 have been described as causes of myocarditis and pericarditis in HIV infection. In an autopsy series performed in the pre-ART era, myocarditis was documented in 40-52% of patients who died of AIDS. 72, 77 In more than 80% of these patients, no specific etiologic factor was found, whereas the remaining cases were attributable to above-mentioned infectious agents. In another historic study of HIV-associated cardiomyopathy, EMB revealed myocarditis with cardiotropic viral infection in almost all cases. 78 Shaboodien and colleagues have compared the prevalence of myocarditis and cardiotropic viral genomes in HIVassociated cardiomyopathy cases with HIV-negative idiopathic DCM patients and heart transplant recipients using EMB and the immunohistological criteria of the World Heart Federation (WHF) in 33 patients. 79 In this study, myocarditis was present in 44% of HIV-associated cardiomyopathy cases, 36% of heart transplant recipients, and 25% of participants with idiopathic DCM. While myocarditis was acute in 50% of HIV-and heart transplant-associated myocarditis, it was chronic in all those with idiopathic DCM. Cardiotropic viral infection was present in all HIV-associated cardiomyopathy and idiopathic DCM cases, and in 90% of heart transplant recipients. Multiple viruses were identified in the majority of cases, with HIV-associated cardiomyopathy, heart transplant recipients, and idiopathic DCM patients having an average of 2.5, 2.2, and 1.1 viruses per individual, respectively.
Vascular stiffness
HIV is well-established as an independent risk factor for the development of arterial stiffness. In a study of 49 children (34 on ART, and 15 untreated) without cardiovascular risk factors, endothelium-dependent vasodilatation was lower in HIV, indicating presence of vascular dysfunction. 80 Importantly, in this study, impaired arterial stiffness was not associated with adverse cardiovascular outcomes after a mean of 5 years of follow-up on ART. Similarly, a study of 77 adult men (55 on ART and 22 ART-naive) found that HIV-infected patients had greater carotid intima medial thickness and lower arterial distensibility, which was associated with ART use, but was independent of lipodystrophy. 81 Further, smoking and hypertension were found to be incremental risks to HIV for the development of arterial stiffness. 82 However, a study of 174 HIV-infected persons on ART, 90% of whom were virologically suppressed, found similar arterial pulse wave velocity to matched HIV-uninfected controls. 83 Arterial stiffness has also been shown to be worse in HIV-infected persons with advanced immunosuppression. 84, 85 Using CMR, HIV infection was associated with impaired pulse wave velocity and aortic distensibility, and the magnitude of effect of treated HIV on vascular stiffness was similar but independent to that of the metabolic syndrome. 86 
Pericardial disease
In HIV infection, cardiac failure may also be related to pericardial disease. In areas of the world, where tuberculosis is endemic, as in SSA, pericardial tuberculosis is an important cause HIV-related pericardial disease. The spectrum of tuberculous-related pericardial disease in HIV may include pericarditis, pericardial effusions, pericardial tamponade, myopericarditis, effusive-constrictive syndromes, pericardial constriction, and calcific pericardial constriction. Tuberculous pericardial involvement usually develops by retrograde lymphatic spread of M. tuberculosis from peritracheal, peribronchial, or mediastinal lymph nodes or by hematogenous spread from primary tuberculous infection. Less commonly, the pericardium may be involved by contiguous spread from a tuberculous lesion in the lung or by hematogenous spread from distant secondary skeletal or genitourinary infection.
Historic studies established that in SSA tuberculosis accounted for over 80% of causes of pericardial effusion in HIV-infected persons. 87, 88 Constrictive pericarditis was reported to occur in 30-60% of patients, despite prompt antituberculosis treatment and the use of corticosteroid. 89 A study of 185 patients with tuberculous pericardial disease (79.5% effusive, 15.1% effusive-constrictive, and 5.4% constrictive or acute dry pericarditis), 40% of whom had clinical features or a confirmed diagnosis of HIV found that patients with HIV infection were more likely to present with dyspnoea and ECG features of myopericarditis. 90 Additionally, HIV was associated with greater cardiomegaly and haemodynamic instability, but stage of pericardial disease at diagnosis and use of diagnostic tests were not related to clinical HIV status. A different study of 174 patients with tuberculous-associated pericardial disease found the overall mortality rate to be 26%, with mortality higher in HIV infection (40% vs. 17 in uninfected individuals). 91 In this study, independent predictors of mortality included a proven non-tuberculosis final diagnosis, the presence of clinical signs of HIV infection, coexistent pulmonary tuberculosis, and older age. HIV has also been shown to be associated with a lower incidence of constriction in presumed tuberculous pericarditis. 92 Pericardiectomy, for the management of symptomatic pericardial constriction, is not associated with increased mortality in HIV infection. 93 In the largest clinical trial of prednisolone and Mycobacterium indicus pranii in tuberculous pericardial disease, 1400 patients (two thirds of whom were HIV-infected) were 162 N. A. B. Ntusi and M. Ntsekhe included, prednisolone was associated with reduction in incident pericardial constriction and both prednisolone and M. indicus pranii were associated with significant increase in the incidence of cancer. 94 Prednisone was shown to be associated with an increase in HIV-associated malignancy, and clinicians should rather avoid its use in the management of HIVassociated tuberculous pericarditis.
Coronary artery disease CAD in HIV-infected persons was reported early in HIV epidemic. 95, 96 Current data from industrial countries suggest that there is increasing occurrence of CAD, with a histologically distinctive form of accelerated atherosclerosis. 97 In these patients, vessel involvement is frequently diffuse and circumferential, affecting the whole artery. 98, 99 A unique finding of HIV-associated CAD is the unusual proliferation of smooth muscle cells, mixed with abundant elastic fibres, resulting in endoluminal protrusions. 100 Endothelial cells have been implicated to be central in development of HIVassociated CAD by altering procoagulant, anticoagulant, and fibrinolytic pathways. There is evidence of increased platelet activation in HIV. 98 Moreover, altered adhesion of HIV-infected monocytes-macrophages and HIV-associated angitis/vasculitis may also contribute to coronary arteriopathy. 99 In South Africa, there have been reports of de novo arteriothrombosis with evidence of acute coronary syndromes marked by fresh thrombus as opposed to an atherosclerotic occlusion. 101, 102 Atherosclerosis in HIV is a multifactorial pathogenic process with contributions from sequelae of ART (especially PIs) and HIV-mediated endothelial dysfunction. 103 PIs may lead to increased atherosclerosis via increased dyslipidemia, insulin resistance, increased levels of C peptide, lipodystrophy, and endothelial dysfunction. 46 In a single centre-study, HIVinfected patients had lower TIMI (thrombolysis in myocardial infarction) risk assessment scores and were more likely to have single-vessel disease. 47 The distribution of coronary lesions is similar to HIV-uninfected persons, and although a greater incidence of ischemic events is observed, including restenosis and stent thrombosis, the intermediate mortality rate is low. 48 
Myocardial fibrosis
At autopsy, 40% of HIV-infected patients were found to have histological evidence of interstitial fibrosis, 104 although there has been a dearth of studies of myocardial fibrosis in contemporaneous cohorts of HIV-infected individuals. A recent CMR study reported that focal fibrosis was seen in up to 77% of asymptomatic HIV infected individuals. 10 Similarly, diffuse fibrosis on CMR-determined extracellular volume estimation was found to be more frequent in HIV-infected persons compared with matched controls. 11 
Myocardial lipidosis
Two recent CMR spectroscopy studies, using proton spectroscopy, have reported higher levels of myocardial steatosis in HIV-infected patients compared with controls. 10, 11 In the second study, intramyocardial lipid levels correlated with impaired strain, ART duration, and visceral adiposity. 11 
Mitochondrial injury
There is some emerging evidence of impaired mitochondrial injury in HIV-infected individuals. 105 The Tat protein in HIV has been shown to impair mitochondrial membrane permeability, and this is one possible mechanism for mitochondrial injury in HIV infection. 106 There is no evidence of increased mitochondrial genetic abnormalities in HIVinfected persons. 107 
Conclusions
The survival of patients with HIV/AIDS who have access to highly active ART has dramatically increased in recent times. CVD and heart failure are common in people with HIV infection and may be related to primary or secondary diseases of the myocardium, the pericardium, and the coronary arteries. In the ART era, diastolic dysfunction has emerged as the dominant form of heart failure. Heart failure may also be related to impaired systolic function, myocarditis and myocardial fibrosis and steatosis. HIV-associated heart failure can be because of direct consequences of HIV infection, autoimmune reactions, pro-inflammatory cytokines, opportunistic infections (OIs) or neoplasms, use of ART or therapy for OIs and presence of traditional cardiovascular risk factors. Physicians working at all levels of medicine should familiarise themselves with cardiovascular basis and assessment of HIV infected persons. Human immunodeficiency virus-associated heart failure 163
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